Background Amyotrophic lateral sclerosis (ALS) is a progressive debilitating neurodegenerative disease, with a life expectancy of 3-5 years from first symptom. There is compelling evidence that those who attend a multidisciplinary clinic experience improved survival. The purpose of the study was to explore the survival of patients with ALS ascertained through population-based Registers in the Republic of Ireland (RoI) and Northern Ireland (NI), and to determine whether centralisation of services confers advantage compared with communitybased care supported by a specialist care worker. Methods The island of Ireland is divided into two countries, RoI and NI, each with an independent healthcare system. Both countries have population-based ALS Registers with full ascertainment. Data from all 719 incident ALS cases from Ireland and NI, diagnosed between 1 January 2005 and 31 December 2010, were used in the analysis. Results A survival benefit was identified for patients who attended the multidisciplinary ALS clinic in the RoI. (HR 0.59, 95% CI 0.49 to 0.71, p<0.001). This difference was preserved following multivariate analysis. A trend towards improved survival was noted for patients with ALS from NI when compared with RoI patients who did not attend a multidisciplinary clinic. Conclusions Centralised multidisciplinary care confers a survival advantage for patients with ALS and is superior to devolved community-based care. We propose that multiple decision-making processes within a multidisciplinary setting lead to an enriched set of clinical encounters for the patient and carer that enhances clinical outcome.
INTRODUCTION
Amyotrophic lateral sclerosis (ALS) is a progressive debilitating neurodegenerative disease with a life expectancy of 3-5 years from first symptom, and death from respiratory failure. 1 Riluzole is the only medication that slows disease progression. 2 Non-invasive ventilation (NIV) confers a survival and quality of life benefit in patients with ALS. 3 4 It remains unclear whether gastrostomy improves survival, as there have been no randomised controlled trials. 5 There is compelling evidence that those who attend a multidisciplinary clinic experience improved survival (Ireland, 6 7 Holland, 8 Italy, 9 
). Processes by which survival advantage is conferred remain unclear. While those attending specialist clinics are younger and more likely to have familial ALS, inclusion of these factors in multivariate analysis preserves the beneficial effect of specialist clinics. 6 7 Moreover, a study in Puglia (Italy), which provides services through a network of clinics, did not demonstrate a survival benefit for patients with ALS attending a centralised clinic, suggesting that decentralisation with good access to care may be of equal benefit to patients. 9 Whether decentralised care with a trained coordinator with expertise in ALS is equivalent to the provision centralised multidisciplinary clinics has not been assessed.
The island of Ireland is divided into two countries, Republic of Ireland (RoI) and Northern Ireland (NI), each with an independent healthcare system. Differences between the two systems of care for patients with ALS have offered the unique opportunity to carry out a population-based study of survival between the two simultaneously ascertained incident cohorts of patients with ALS of similar ancestral origin in two contiguous geographic regions. A centralised multidisciplinary ALS clinic has been in place in the RoI since 1995, providing care for up to 80% of the ALS population. In 2004, an ALS Care Network was put in place in NI. An ALS Care Network Coordinator was employed to support patients throughout their disease as well as provide education to nonspecialist allied health professionals to facilitate timely coordinated care.
This study compared demographic and survival information for patients with ALS using data from the two independent ALS Registers over a 6-year period, 2005-2010. The purpose was to explore the outcome of patients in the RoI and NI, and to determine whether centralisation of services confers any extra advantage to community-based care supported by a specialist care worker.
METHODS

Register:
The Irish ALS Register was set up in 1993, and the Northern Irish Register was set up in 2004. The RoI covers 70 283 km 2 , with a population of 4.6 million people, compared with NI, which covers 14 148 km 2 , and has a population of 1.8 million people. The Irish ALS Register records information on all people diagnosed with ALS over the age of 15 years. ALS cases are captured by contacting all neurologists and gerontologists in the RoI, reviewing Hospital Inpatient Enquiry (HIPE) Scheme computerised hospital discharge records, referrals from community-based services and general practitioners, through the Irish Motor Neurone Disease Association (a patient-support organisation) and via patient self-referral to the National ALS clinic. The Central Statistics Office provides information on all people who have motor neurone disease (MND) or ALS recorded as primary, secondary or tertiary causes of death on their death certificates.
For inclusion on the Register, extensive confirmatory measures such as clinical examination by a specialist, direct chart review and assessment by a neurophysiologist are required. Clinical progression is tracked by regular telephone contact between the register coordinator, healthcare professionals, patients and carers, and by home visits by members of the ALS Research Group. Extensive methods of ascertainment within NI are similar to the RoI Register, on which the design has been modelled. 11 12 Demographic data on incident ALS cases from RoI and NI, diagnosed between 1 January 2005 and 31 December 2010, were extracted from each Register and entered onto a PASW database (V.18). All cases had definite, probable or possible ALS using the revised El Escorial research criteria.
Variables recorded included sex, date of birth, date of first symptom onset, site of onset (bulbar/limb), date of diagnosis, attendance at a specialist ALS clinic, use of riluzole, use of NIV, use of gastrostomy and date of death or censor.
Multidisciplinary ALS clinic in the RoI: On each visit the patient and his/her carer are seen by a neurologist with specialist expertise in ALS, a specialist ALS nurse and a neuromuscular multidisciplinary team including a physiotherapist, occupational therapist, speech and swallow therapist, and dietician, and given direct next day access to Respiratory Medicine where indicated. Each visit takes between 2 and 3 h.
Clinical assessment of respiratory function is made at each clinic visit, using same-day pulmonary function assessment and overnight oximetry, and, if needed, NIV is initiated at home by a specialist nurse. The physiotherapy service has expertise in respiratory impairment in addition to neurological disability, and provides on site training in secretion management using techniques including breath stacking and the use of cough assist machines. The speech and swallow therapist addresses the management of swallow to prevent aspiration pneumonia. Particular attention is paid to pharmacological management of secretions either with anticholinergic medications (amitriptyline, glycopyrronium), hyoscine patches or, in refractory cases, with botulinum toxin injection or radiation to the salivary glands. Adequate nutrition is addressed at every clinic and patients are weighed, reviewed by the dietician and encouraged to take dietary supplementation. Patients with marked weight loss (greater than 10%), increasing dysphagia, early respiratory impairment or evolving bulbar symptoms are discussed by the multidisciplinary team during the clinic. Decisions regarding intervention, including gastrostomy insertion, introduction of NIV, training in secretion management and introduction of cough assist, are made collectively.
Three specialist ALS nurses (one hospital based, and two community based and funded by the Irish Motor Neurone Disease Association) are available to make home visits to patients and their families to answer questions and to provide advice on management of ALS. The clinic works closely with community-based clinical professional services ( physiotherapy, speech and language therapy, and occupational therapy) and palliative care services. On-site training is provided to communitybased clinical professionals. A rapid access service is provided for patients with increasing symptoms within the community.
Irish patients not attending the specialised multidisciplinary clinic attend general neurology clinics and do not access integrated specialist multidisciplinary care. Care is provided by community-based clinical professionals with links to services within regional hospitals.
ALS/MND Care Network in NI:
In 2004 an ALS Care Network was established, funded initially by the Motor Neurone Disease Association of England, Wales and NI and later by the Belfast Health and Social Care Trust. The ALS Care Network Coordinator, who has a nursing background, was appointed to coordinate the care of patients with ALS in NI from diagnosis to death. The Coordinator makes home visits, attends clinic appointments, and is a source of support and education to patients and their local allied health professionals to ensure optimal timeliness and quality of care. A multidisciplinary ALS clinic, comparable to that in the RoI, was not set up in NI until the end of the study period (2010).
Decision to introduce NIV and gastrostomy: Criteria for introduction of NIV in the RoI are aligned to the European Federation of Neurological Societies (EFNS) guidelines. 13 In the RoI, NIV is initiated either in hospital or at home by a specialist ALS nurse with training in management of respiratory impairment in ALS. In NI, patients are referred to the local respiratory physician, who initiates NIV according to local clinical practice and in accordance with National Institute of Health and Care Excellence (NICE) guidelines.
Radiological gastrostomy tube insertion is offered to those patients in the RoI and NI experiencing a weight loss of greater than 10% of baseline or increasing dysphagia, and preservation of respiratory function (sniff nasal inspiratory pressure >40 cm H20 and forced vital capacity >50% predicted). Gastrostomy is also offered to those with declining respiratory function following successful initiation of NIV in both jurisdictions. Gastrostomy is discussed with family members of those with severe cognitive and behavioural impairment and decisions are made on a case-by-case basis.
Statistical analysis
Incidence rates reported for geographical area and age categories were manually corrected using the direct method to reflect the underlying population structure in RoI (http://www.cso.ie) and NI (http://www.nisra.gov.uk/).
Demographic and clinical characteristics of the participants are reported as percentages for categorical variables and mean or median values for continuous variable. Comparisons were made using χ 2 or Fisher Exact test or two-sample t test, as appropriate.
To better model the survival effect associated with type of care postdiagnosis (ie, this effect does not exist between onset and diagnosis), 7 survival time was defined as time from diagnosis to death, covaried for time from onset to diagnosis. Time from symptom onset to diagnosis was compared between groups to ensure lack of lead-time bias. Patients were followed up from their time of diagnosis until death or censor date (31 December 2010). Patients who were alive at the time of analysis were censored. The date for point prevalence was set at 31 December 2010.
In all survival analysis, univariate assessment of the survival effect of categorical variables was carried out using Kaplan-Meier (KM) survival analysis and equality of outcome was assessed using the log-rank test. Multivariate survival analysis was performed using the Cox Proportional Hazards model. Multivariate survival analysis was adjusted for time from onset to diagnosis, age at diagnosis, site of onset, sex, attendance at multidisciplinary ALS clinic, use of riluzole, use of gastrostomy, use of NIV, and use of gastrostomy as well as NIV, and Irish or Northern Irish patient with ALS. Separate multivariate models were built for NI versus RoI comparisons and for general/community care versus multidisciplinary care-this was because collinearity between these variables prevented them from being included in the same model.
Finally, to determine if distance from the specialist centre was a factor in survival for the RoI cohort, the distance from the centroid of each county to the specialist centre was calculated for each patient based on his/her county of residence at the time of diagnosis. The distance was then included in a multivariate Cox model using the following categories: <50 km, 50-100 km, 100-200 km, >200 km.
All tests were two tailed and statistical significance was set at p<0.05. Statistical analysis was carried out using Stata V.11. 14 Proportional hazards testing was performed using the estat phtest command in Stata.
RESULTS
Five hundred and eleven incident patients from RoI and 208 individuals from NI were diagnosed with definite, probable, or possible ALS by El Escorial criteria in the 6-year period from 1 January 2005 to 31 December 2010.
The corrected incidence of ALS for population aged 15 years and above (figure 1) was the same in both regions: RoI-2.5 per 100 000 (95% CI 2.0 to 3.0); NI-2.5 per 100 000 (95% CI 1.7 to 3.8). The corrected prevalence for population aged 15 years and above on 31 December 2010 was 6.8 per 100 000 (95% CI 5.9 to 7.6) for RoI, and 6.4 per 100 000 (95% CI 5.1 to 7.7) for NI.
Fifty-five per cent (283/511) of the RoI patients were male, as compared with 51% (106) of the NI patients ( p=0.281). There was no difference in the age at diagnosis for RoI men compared with NI men, however, RoI women were diagnosed with ALS at a significantly younger age than NI women (see table 1 ). There was no difference in the site of onset between the two geographic groups, nor was there any difference between the number of months between first symptom onset and a diagnosis of ALS.
Interventions
Eighty per cent of patients from the RoI (398/496) and 90% of patients from NI (187/207) received riluzole ( p=0.001). There was no significant difference in the use of gastrostomy between the two regions: 26.7% in RoI (136/510) and 35% in NI (52/ 208) p=0.65. The time from diagnosis to gastrostomy tube insertion was the same for both cohorts (8.6 months in RoI patients compared with 8.5 months in NI patients, p=0.93). Pro-rata, twice as many RoI patients were initiated on NIV (30.9%, 158/511), compared with NI patients (14.4%, 30/208, p<0.001). There was no difference in the time between diagnosis and initiation of NIV between RoI and NI patients (9.5 months compared with 10.1 months, p=0.81). A larger proportion of RoI patients received gastrostomy tube as well as NIV (14.3%, 73/511) compared with those receiving care in NI (2.4%, 5/208, p<0.001).
In the RoI, 340 patients with ALS (66.5%) attended a multidisciplinary ALS clinic, while the remainder (169) attended local neurology services. The NI cohort also attended local neurology services but within the setting of an established and integrated care network supported by a trained care worker. Of those who attended the specialist multidisciplinary clinic in the RoI, 22.9% (78/340) received gastrostomies compared with 29.2% (110/376) of those attending general clinics-a finding of borderline significance ( p=0.055).
Patients attending the RoI multidisciplinary clinic were more likely to use NIV (129/340 (38%)) compared with those attending general clinics in RoI or availing of integrated community care in NI (58/376 (15.4%); p<0.001). Additionally, significantly more patients attending a multidisciplinary ALS clinic received a gastrostomy tube as well as NIV (15.9%, 54/340) compared with patients attending a general (RoI) or regionalised (NI) service (6.4%, 24/376, p<0.001).
Survival in RoI compared with NI
Univariate analysis comparing survival time for all patients within RoI and NI demonstrated a survival advantage in patients from RoI with a median survival from diagnosis to death of 1.22 years compared with 0.98 years in patients from NI (RR=1.34, p=0.0019; see figure 2 ). NI patients with bulbar onset (median survival 0.88 years, 95% CI 0.64 to 1.44) showed a modest improvement in median survival compared with RoI patients with bulbar onset attending the general service (median survival 0.82 years, 95% CI 0.64 to 1.04).
Multivariate analysis, adjusting for country (RoI, NI), time from onset to diagnosis, age at diagnosis, site of onset, sex, use of riluzole, use of gastrostomy, use of NIV (see table 2), demonstrated that RoI patients continued to experience a significant survival advantage (HR 0.72, 95% CI 0.59 to 0.87, p<0.001), where a hazard rate of less than 1.0 confers a survival benefit.
Survival models of RoI patients only including distance from county centroid showed that the distance from the specialist centre was not a factor in survival (table 3) .
Survival based on attendance at a specialised ALS multidisciplinary clinic
RoI patients who attended the multidisciplinary ALS clinic had a younger age of disease onset compared with those who did not attend (62.7 years compared with 68.7 years, p<0.0001). Multivariable analysis adjusting for time from first symptom onset to diagnosis, age at diagnosis, site of onset, sex, use of riluzole, use of gastrostomy and use of NIV, was used to compare survival in RoI patients who attended a multidisciplinary ALS clinic with RoI and NI patients who did not attend a centralised multidisciplinary ALS clinic (table 2) . There was a demonstrable survival benefit for patients who attended the multidisciplinary ALS clinic compared with RoI and NI patients who did not attend the clinic (HR 0.59, 95% CI 0.49 to 0.71, p<0.001). Although RoI patients attending the multidisciplinary clinic were more likely to use NIV, this survival benefit could not be accounted for by NIV use alone, gastrostomy, or combined use of NIV and gastrostomy, as previously demonstrated (HR 0.72, 95% CI 0.61 to 0.85). 7 Univariate analysis showed no significant difference between RoI patients who attended general neurology ALS clinics and NI patients under the care of the ALS Care Network Coordinator (RR=1.21 95% CI 0.97 to 1.51 p=0.09). However, KM survival analyses (figure 3) showed a trend towards modest survival advantage of NI patients over general care RoI patients for up to 3 years of follow-up.
DISCUSSION
The island of Ireland is separated by a political divide, which means that the hospital systems and ALS Registers in the RoI and NI are entirely independent of one another. Despite this, population demographics, rates of capture and epidemiological features of patients with ALS are remarkably similar, reflecting the common ancestral origins of patients in both jurisdictions. This unique separation has permitted the design of populationbased survival study comparing two cohorts, differences between which are primarily a function of the types of health services to which they have access. Our findings suggest that the provision of a centralised multidisciplinary clinic confers a distinct survival advantage over the provision of an integrated community-based care system for patients with ALS.
We used a process of multivariable analysis to covary for factors that are likely to differentiate patients who attend a Figure 2 Survival difference between Ireland and Northern Ireland. multidisciplinary specialist clinic from those who do not, including time from symptom onset to diagnosis and age at diagnosis. The survival advantage of 8 months experienced by patients attending a multidisciplinary clinic was not explained in full by the use of interventions or medication. We postulate that the survival benefits accrued from the multidisciplinary clinic experience relate in part to the complex decision-making processes that take place both within the clinic and in communication with those in a community setting. We hypothesise that these multiple decision-making processes involve the incorporation of different perspectives on the patient journey, and accordingly lead to an enriched set of clinical encounters for the patient and carer that are then incorporated into the care plan. Timing of gastrostomy insertion and NIV initiation did not differ between specialist clinic and non-specialised services, however, a larger number of patients from the specialised service used both simultaneously. Thirty-eight per cent of RoI patients attending the specialist clinic had access to NIV compared with 15.4% in a regionalised service. However, multivariable analysis did not associate the use of NIV and gastrostomy with increased survival. While this contrasts with clinical trials on NIV, 3 the finding is in keeping with recent analysis of the RoI cohort from 1995 to 2010 7 and may be explained in part by statistical power, and in part by unmeasured confounders including compliance with NIV use and variance in settings.
Although we could not demonstrate that patients in NI experienced an increased survival compared with those in the RoI seen only in the general clinic, the confidence limits on these estimates were wide and may be a function of reduced power. This is supported by the trend towards survival advantage of NI patients over general care RoI patients for up to 3 years of follow-up, and suggests that the role of the ALS Network Coordinator in supporting and educating patients and health professionals in ALS management is important.
It was not possible to determine whether the integrated care service in NI provided further advantages with respect to quality of life or carer burden. A previous study in the Netherlands suggested that within the context of multidisciplinary ALS care teams, case managers conferred no extra benefit for patients with ALS or their caregivers. 15 Although intuitively the case, it remains to be established as to whether the availability of a care worker in the absence of a centralised clinic also provides quantifiable benefits such as improved quality of life and reduced carer burden.
Differences in social deprivation and smoking are unlikely to explain the findings, as mapping of all Ireland social deprivation revealed less extremes of social deprivation in NI in comparison to RoI, 16 and smoking prevalence among adults are in fact lower in NI (18.7%) 17 compared with RoI (21.5%). 18 It is possible that cultural and religious differences between NI and RoI may have an influence on survival, however, such an effect's size is likely to be too small to determine with a study of this power. We demonstrated that distance to the specialist centre was not a factor in survival, although this analysis was not performed with a high spatial resolution. Further work at a higher spatial resolution to confirm this and findings by others of a coastal/urban effect on survival 19 is planned. This study has limitations. It was not possible to quantify the impact of individual disciplines in the RoI multidisciplinary clinic to determine whether a specific intervention contributed to the survival advantage. It is possible that those not attending the centralised clinic exhibited other negative prognostic indicators that were not taken into account. We have shown previously that executive impairment is predictive of shorter survival, 20 and it was not possible to include cognitive status as a variable in this analysis as cognitive data were not routinely collected in all patients during the study period. However, as the demographic features of the two populations were similar in all other regards, we believe this to be an unlikely explanation for the differences.
Our data supports our previous findings and those of others, that attendance at a specialist multidisciplinary ALS clinic is beneficial to patients, and should be considered a standard of care in the management of ALS. The precise advantage conferred by the multidisciplinary clinic remains to be established, but is likely related to the complex decision-making processes from differing vantage points that take place among experienced professionals within the clinic. Further work to deconstruct the functionality of the multidisciplinary clinic is required to test this hypothesis. In the absence of a centralised specialist clinic, the availability of a specialist care network coordinator may be advantageous.
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